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Introduction
Depression is a devastating mood disorder that afflicts close to one sixth of the population and is considered to be the single most burdensome disease in the world in terms of total disability-adjusted life years (Kessler & Wang, 2009 ). The importance of identifying and understanding the risk factors for depression cannot be overstated. One of the most striking findings from research on the epidemiology of depression is its dramatic rise in incidence during adolescence (Lewinsohn, Rohde, & Seeley, 1998) .
Indeed, adolescence is a period marked by significant psychosocial, biological and cognitive changes that lead to increases in emotionality, greater sensitivity to social interactions, and greater reward-seeking and concomitant risk taking . In contrast, the executive and self-regulatory skills to cope with these changes mature more gradually, and are not fully developed until the third decade of life (Steinberg, 2005) . How adolescents manage and regulate their intensified emotional life is a developmental challenge that is hypothesized to play a key part in the increased vulnerability for depression observed during this phase of the life span .
| 3

Emotional inertia
How people respond to and regulate emotional events is directly reflected in the patterns and regularities with which their emotions change across time (Larsen, 2000) . While tonic levels of emotion and mood are indisputably important for adjustment, one of the most consequential findings from research on the dynamics of emotions is indeed that how emotions change across time is intricately tied to people's well-being and maladjustment (e.g., Ebner-Priemer, Eid, Kleindienst, Stabenow, & Trull, 2009; Kuppens, Oravecz, & Tuerlinckx, 2010) .
Recently, we examined the concept of emotional inertia as a central feature of such emotion dynamics (Kuppens, Allen, & Sheeber, 2010) . Emotional inertia was first introduced by Suls, Green, and Hillis (1998) as a particular dynamical characteristic of people's emotional fluctuations. In essence, it reflects the extent that one's current emotional state is predictable from one's prior emotional state. High emotional inertia thus reflects that a person's emotional fluctuations show a high degree of momentum, with current emotional states being heavily influenced by previous states. Low emotional inertia, on the other hand, reflects the opposite, and indicates that current feelings are less predictable from previous feelings.
Importantly, emotional inertia is distinct from 'emotional variability', which reflects the range of fluctuations in emotion (i.e., the average deviation form one's own average emotional state). A person's emotions can be highly variable and highly inert (e.g., slow but large mood fluctuations), highly variable and low in inertia (e.g., frequent large mood shifts), low in variability and high in inertia (e.g., slow small mood shifts), or low in both variability and inertia (e.g., frequent but small mood shifts; see, e.g., Ebner-Priemer, et al., 2009; Trull et al, 2008) . In a way, inertia reflects the speed of change while variability reflects the extent of change.
Emotional inertia and depression
The fact that our emotions change lies at the very heart of their adaptive nature, allowing the individual to be alerted and motivated to respond to potential threats and challenges encountered during daily life. Indeed, emotional responses afford an individual the flexibility to be in tune with and respond to ongoing events, and such flexibility is thought to be crucial for psychological health (Kashdan & Rottenberg, 2010) .
High levels of emotional inertia, however, may be a sign that emotional responses have become decoupled from environmental or psychological demands, and thus, may be indicative of maladjustment. In particular, high emotional inertia may reflect that a person's emotions are less responsive to external (e.g., changes in the environment) or internal influences (e.g., regulation efforts), and as such capture both the dampened emotional reactivity (e.g., Bylsma, Morris, & Rottenberg, 2008; Rottenberg, 2005) and the impaired emotion regulation skills (e.g., Gross & Muñoz, 1995) that are documented in mood disorders such as depression.
On the basis of this conceptualization, we recently hypothesized that emotional inertia may be a hallmark feature of the temporal emotion dynamics characteristic of psychological maladjustment . In two naturalistic studies, we demonstrated that higher levels of emotional inertia for both negative and positive emotions observed in experience sampling (Study 1) and observational data (Study 2) were related to low self-esteem and depression, respectively . In one of the studies, we showed that the presence of clinical depression in an adolescent sample was associated with increased inertia in observed emotional behavior during interactions with their parents. In a similar vein, other research has shown that internalizing symptoms are associated with behavioral rigidity in parent-child interactions (e.g., Hollenstein, Granic, Stoolmiller, & Snyder, 2004) .
These findings raise a fundamental question about the role of emotional inertia in depression. On the one hand, depression may slow down the way an adolescent's emotions unfold across time, making emotional inertia a concomitant or a consequence of depression. On the other hand, emotional inertia may reflect an early form of emotional dysregulation that creates vulnerability to disorder. An emotional life characterized by high levels of inertia may adversely affect emotional functioning, due to the decoupling of emotions from their adaptive function of being responsive to environmental and internal changes. The hypothesis that emotional inertia reflects a risk-factor for depression is consistent with current knowledge regarding other predictors of depression. Biologically, risk for depression involves genetic factors related to impairments in both extinction circuits for negative affect and regulatory networks mediating emotional reactivity (Pezawas, et al., 2005) . Cognitively, rumination (i.e., the tendency to brood over negative thoughts), which could be a cognitive mechanism underlying emotional inertia, is seen as a major riskfactor for depression (Nolen-Hoeksema, Wisco, & Lyobomirski, 2008; Spasojevic & Alloy, 2001 ). Moreover, Coifman & Bonanno (2010) recently found that low context sensitivity, or the incapacity to shift emotions according to changing context, differentiated people that were able to recover after bereavement from people that developed depressive symptoms. These data suggest that emotional inertia may reflect an early risk-factor for the development of depressive disorder. The cross-sectional nature of our earlier study, however, precluded examination of the hypothesis that emotional inertia precedes and predicts the onset of the depression.
This Study
The aim of this paper is to determine whether emotional inertia prospectively predicts the first onset of depressive disorder in adolescence. As well as replicating our previous results with a different sample, such a finding would identify emotional inertia as a risk factor for the development of clinical depression. It is important to establish that emotional inertia predicts the onset of depression above other known risk factors, in order to reduce the possibility that any found prospective relationship is due to relationships with a third variable. We therefore examined the prospective relationship between emotional inertia and depression while controlling for other known risk factors for the development of clinical depression, selfreported depressive symptoms (Pine, Cohen, Cohen, & Brook, 1999 ), gender (Nolen-Hoeksema & Girgus, 1994 , and also average levels of emotionality (Morris, Bylsma, & Rottenberg, 2009 ). If emotional inertia is able to predict the emergence of depression above these factors, it reflects unique, dynamical information on emotional functioning that is not merely reflected in depressive symptoms or average emotion levels and that additionally contributes to gender in affecting vulnerability for depression.
We examined this question using data from a longitudinal study of the development of depression in adolescence, the Orygen Adolescent Development Study Yap et al., 2008) . Emotional inertia was assessed based on videotaped interactions between adolescents and a parent (following a method similar to that described in , and was used to prospectively predict the emergence of case-level depression about 2.5 years later.
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Method Participants
Participants were recruited using a two-gate procedure. The first phase consisted of a large (N = 2479), representative classroom-based screening of Year Six primary school students (age range: 9-12 years) using the Early Adolescent Temperament Questionnaire-Revised (EATQ-R; ). The EATQ-R measures aspects of temperament related to emotionality, reactivity, and self-regulation (Putnam, Ellis, & Rothbart, 2001) . Given that the main aim of the screening procedure was to provide a risk-enriched sample for the more intensive assessment phase, EATQ-R scores were used to select a sample that was representative of scores across the full range of the temperament dimensions. Selection was based on scores on Negative Emotionality (NEM; measuring the tendency for frustration) and Effortful Control (EC; measuring the capacity for attention and self-regulation; Putnam et al., 2001 ) dimensions given their hypothesized role as correlates and risk factors for emotional and behavioral disorders (Rothbart & Bates, 2006; Yap, et al., 2011) . Accordingly, equal numbers of male and female students were selected from each of the following ranges of scores on each dimension: 0-1, 1-2, 2-2.5, and greater than 2.5 SD above and below the mean. This produced a risk-enriched sample for the subsequent assessment phase that showed a normal distribution of EC and NEM, albeit one with larger variance than an unselected sample. The sample (n=245) was subsequently administered a semi-structured clinical interview for DSM-IV Axis-I disorders (Schedule for Affective Disorders and Schizophrenia for School-Age Children-Present and Lifetime version; K-SADS-PL, Kaufman et al., 1997) . Of this sample, 198 families agreed to participate in a laboratory session at Time 1 (which took place on average 10 months after initial screening but within weeks after the clinical interview; average age at T1 = 12.47 years, range 11.38-13.61) and also completed a self-report measure of depressive symptoms. At Time 2 (approx. 31 months after T1), a total of 179 adolescents (89 girls; average age = 15.04 years, range 13.73-16.19) participated in a follow-up K-SADS diagnostic interview at home. From this sample, data on all variables was available for 167 participants.
At T1, two participants met diagnostic criteria for past depressive disorder and none for current depressive disorder. The two participants with a history of depression at T1 were removed from the prospective analyses to allow the prediction of the first onset of depression, leaving a final sample of 165 participants. At T2, a total of 22 participants (15 female) were diagnosed with major depressive disorder.
Materials
Diagnostic interview. The K-SADS-PL (Kaufman et al., 1997 ) is a semi-structured diagnostic interview assessing current and past symptoms and diagnoses of Axis I disorders in youths aged 6 to 18 years. The K-SADS-PL has demonstrated good psychometric properties, and comparison with other child diagnostic interviews suggests good diagnostic validity (Kaufman et al., 1997) . Recordings of 25% of all K-SADS-PL interviews at T2 were re-rated by a second coder. The kappa coefficient for diagnosis-level agreement was 0.84, suggesting acceptably high inter-rater reliability.
Depressive symptoms. Self-reported depressive symptoms at T1 were assessed with the Center for Epidemiological Studies Depression scale (CESD; Radloff, 1977) , a scale designed to assess depressive symptoms in the general population. The CESD consists of 20 items to be rated on a 4-point scale (ranging from 0 = rarely or none of the time to 3 = most or all of the time). The average total score on the CESD for the final sample was 11.54 (SD = 9,86, min. = 0, max. = 55; Table 1 ). This average score reflects few or mild depressive symptoms and is comparable to other reported scores of community adolescent samples (e.g., Radloff, 1991) .
Procedure
At Time 1, the adolescent and one parent in consenting families were invited to participate in two 20-minute family interaction tasks in the laboratory (the participating parent being the mother in 135 or 82% of the families). The first task focused on planning a pleasant family activity, and the second focused on resolving an area of conflict. As demonstrated that differences in emotional inertia between depressed and non-depressed adolescents emerge particularly in the latter, more emotionally taxing type of interaction, only data from this task were used in the current study. The interaction task was video-recorded for subsequent behavioral coding using the Living in Family Environments coding system (LIFE; Hops, Biglan, Tolman, Arthur, & Longoria, 1995) . The validity of the LIFE system to measure affective behavior in families of adolescents has been established in numerous studies (e.g., Katz & Hunter, 2007; Sheeber et al., 2007) . Extensively trained observers, blind to diagnostic status and hypotheses, coded the adolescents' and parents' nonverbal affect and verbal content. Three nonoverlapping constructs indicating angry, dysphoric, and happy behavior were derived from the coding system. Angry behavior included aggressive or contemptuous nonverbal behavior and cruel or provoking statements. Dysphoric behavior was defined by sad nonverbal behavior or statements. Happy behavior reflected happy nonverbal behavior or statements. Approximately 20% of the interactions were coded by a second observer to provide an estimate of observer agreement. Kappa coefficients were .77, .68, and .89 for the respective composite constructs. The procedure yielded second-by-second binary time-series information on the emotional (happy, angry, dysphoric) behavior of adolescents during a real-life interaction with one of their parents, and was used to derive a measure of emotional inertia. They also completed a number of self-report instruments, including the CESD. At T2, participants were administered the K-SADS diagnostic interview (Kaufman et al., 1997) along with a number of other assessments.
Data analyses
The data analyses followed a two-step procedure (for a similar approach, see, e.g., Caminis, Henrich, Ruchkin, Schwab-Stone, and Martin, 2007) . 1 In the first step, estimates of emotional inertia were obtained from two-level (seconds nested in persons) logistic multilevel analyses performed separately for each emotion on the behavioral observation data from the interaction task. As in , emotional inertia was operationalized as the autocorrelation of emotional behavior throughout the interactions (e.g., the degree to which an emotional behavior is predicted by that same behavior at a previous time moment). Specifically, for each emotion, the adolescents' behavior (e.g., angry behavior) at time t in the interaction task was predicted by that same behavior at time t -5s 2 at level 1 of the model (the lagged predictors being group-mean centered, Enders & Tofighi, 2007) . At level 2 of the models, personspecific (random) intercept and slope values were estimated (intercept and slope estimates were allowed to covary across participants; the covariance estimates were -.09, -.05, and -.50 for angry, dysphoric, and happy behavior). The person-specific intercept values reflect individual differences in the average level of the emotional behavior throughout the interaction, while, the slope values reflect individual differences in autocorrelation or inertia of the emotional behavior (e.g., how much a behavior is predicted by that same behavior 5 seconds ago).
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In the next step, these estimates were used to predict depressive status at T2 in logistic regression analyses, controlling for gender and CESD scores at T1. Logistic analyses were performed in which T2 depressive status was predicted by the intercept estimates of each behavior (e.g., by the average level of the behavior during interaction; Models 1), by the slope estimates of each behavior (e.g., by the autocorrelation/inertia of the behavior during interaction; Models 2), and by both (Models 3). The results of these analyses indicate the extent to which average emotional behavior and emotional inertia separately or combined prospectively predict the presence of depressive disorder approximately 2.5 years later, beyond the contribution of initial depressive symptoms and gender. As noted, all analyses included the 165 participants without prior depressive disorder at T1. Table 1 reports the means, standard deviations, and intercorrelations between depressive status, gender, CESD scores at T1, and mean observed behavior for each emotion during the interaction. The results of the main analyses are presented in Table 2 . Both depressive symptoms and female gender marginally predicted depression in most analyses. Average levels of anger and happy behavior also contributed positively and negatively, respectively, to the prediction of depression above these risk factors (see Models 1).
Results
Of direct interest to the current research question, the results showed that inertia for all three studied emotions was a significant positive predictor of depressive status at T2. These results demonstrate that higher levels of emotional inertia at T1 uniquely predicted the emergence of depression at T2 above the included risk factors. Moreover, when both average behavior and inertia were entered simultaneously (Models 3), the results showed that emotional inertia remained a significant (p = .051 in the case of anger) predictor of depressive status above and beyond average behavior. For two of the three studied emotions, emotional inertia even emerged as the only significant predictor of depression, above average levels, depressive symptoms, and gender.
3
Because in this study emotional inertia was measured in the context of a dyadic interaction between adolescent and parent, the interpretation of the results so far may be ambiguous with respect to the extent that observed inertia indeed reflects an individual internal process, versus being a property of the external interaction or interaction partner in which it is observed (e.g., inertia could result from a particular parental interaction style such as being less expressive in families with depressed adolescents, instead of characterizing the emotion dynamics of the adolescent). Therefore, to control for potential influence of the dyadic interaction, we re-estimated the inertia/autocorrelation parameters, based on logistic multilevel models, which though similar to those described above also included the corresponding parental behavior at t -5s as a predictor at level 1 (e.g. adolescent angry behavior was predicted by adolescent angry behavior at t -5s AND parent angry behavior at t -5s). The resulting inertia estimates reflect emotional inertia after controlling for potential influence of (corresponding) parental behavior, and may, therefore, reflect a purer measure of endogenously determined inertia. In the second step, these estimates were again entered in a logistic regression analyses predicting T2 depressive status, controlling for CESD and gender. If the predictive value of these inertia estimates (in which the corresponding parental influence on the behavior is controlled for) remains, this is a strong indicator that inertia reflects an internal process instead of a property caused by the external interaction in the prediction of depression. The results indeed supported this conclusion. Based on inertia estimates that controlled for the corresponding parental 
Discussion
The findings from this study replicate our previous findings in a third, independent sample, providing strong additional support for the importance of emotional inertia as a hallmark feature of emotion dynamics in emotional maladjustment. More importantly, they establish emotional inertia as a prospective risk factor for the onset of depressive disorder in adolescence, a life phase that involves a particular vulnerability for the development of mood disorder.
The fact that emotional inertia may be a particularly strong risk factor or predictor of depression is suggested by the fact that it was a significant predictor above and beyond two other known risk factors, extent of depressive symptoms and gender, and above the predictive value of average levels of emotional behavior observed during the interactions. These results add to the robustness of findings regarding the relationship between inertia and depression, and strengthen the conclusion that emotional inertia is not merely the result of depressed mood and related symptoms, but is independent of it in its predictive role for depression. They also underline that emotional inertia reflects dynamical processes that create vulnerability to depression, unique from that conferred by average levels of affective behavior.
Which leads to the question, what is it then in emotional inertia that makes people susceptible to depression? First of all, the presented results support the idea that emotional inertia reflects a characteristic style of emotional functioning in the individual that is predictive of depression. Indeed, the results from the additional analyses demonstrated that emotional inertia remained predictive even after parental behavior was controlled for in the inertia estimates. This suggests that emotional inertia as a predictor of depression may be viewed as a property that characterizes the emotion dynamics of the individual, and does not result solely as a function of the behavior of the interaction partner, at least in the context of parent-adolescent interactions. Additional research is needed to confirm that observed inertia is associated with depression after controlling for the interactive behavior of other important interaction partners, like for instance, an adolescent's peers. Further, it has been hypothesized that emotional inertia reflects a type of emotional functioning characterized by both impaired emotional reactivity and regulation (see, e.g., Suls et al., 1998) . Both biological changes and a host of contextual stressors (involving school, romantic and peer relationships, etc.) make adolescence a period in which many youth are faced with increases in negative emotionality (Larson & Sheeber, 2009 ). Speculatively, high emotional inertia may reflect a particular type of coping or emotional style that emerges to deal with this intensified emotional life (although it should be noted that associated phenomena like behavioral rigidity towards parents have also been observed at younger age in relation to maladjustment; Hollenstein, et al., 2004) . Such a coping style may involve disconnecting one's emotional responses from their normal contingencies (both internal and external), manifested in higher levels of emotional inertia. In turn, higher levels of emotional inertia may provide further challenges to emotional functioning during this life phase, and may put the adolescent at risk for problematic emotional functioning. At the extreme, the results of such a process may be the development of clinical depression. In this respect, emotional inertia may reflect the emotional counterpart of cognitive rumination, in which thoughts become disconnected from events and regulation and become "stuck" on certain themes, and which is likewise considered a strong risk factor for depression (Joormann, 2010; Nolen-Hoeksema, et al., 2008) . Further study is needed however to clarify | 9 the precise determinants and the developmental patterns associated with emotional inertia, and how it relates to other dynamical characteristics such as variability in emotional intensity.
Similar to , our results showed that inertia for both negative and positive emotions was related to depression. Depression is indeed thought to be characterized by disruptions in the functioning of both negative and positive affect (Clark & Watson, 1991) . Speculatively, the higher inertia observed for happy behavior may reflect positive affectivity becoming relatively decoupled from reward (its primary elicitor), which is consistent with the notion of low reward sensitivity as a key aspect of depression (Carver, Johnson, & Joormann, 2008) .
Although the present study has a number of important strengths, such as its prospective nature and the ecological validity of the interactions, it is not without limitations. Only behavioral indicators of inertia were used. Although previous research has shown that inertia in self-reported emotional experience is related to maladjustment as well (Koval & Kuppens, 2011; Suls, et al., 1998) , the present study can only speak to the behavioral component of emotion. The interaction task did also not allow us to examine inertia in non-interpersonal contexts, which could have provided a more direct test of the endogenous nature of emotional inertia. Finally, given the use of a selected sample and the low number of participants diagnosed with depression at T2, future research will be desirable in order to examine the replicability and generalizability of the findings.
Finally, our findings suggest the possibility that early detection of emotional inertia may help to identify youth at risk for mood disorder. Importantly, they also highlight the need for more research into the exact mechanisms that underlie inertia and the mechanisms by which emotional inertia drives the escalation into depressive disorder. Such research will not only help to elucidate the etiology of depression during adolescence, but also provide information relevant to early intervention.
FOOTNOTE
1 We thank two anonymous reviewers for suggesting this data analytic plan.
2 Consistent with , a 5 second lag was chosen because it was considered a meaningful time interval to study emotional change in the context of a live ongoing social interaction. To check against the possibility of spurious findings obtained with just that interval, all analyses reported in the paper were also run with a 10s lag, supporting identical conclusions (one minor exception was that the predictive effect of dysphoric inertia for T2 depression became marginally significant, with p = .11).
3 Supplementary analyses (additionally including an interaction term between gender and inertia estimates)
showed that the predictive effect of inertia for all three emotions was not moderated by gender (ps > .50) 
